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@ This invention relates to a transverse discharge 
pumping type pulse laser oscillating device including 
an electron capturing gas, especially to the configu- 
ration of preliminary ionization electrodes (4a, 4b, 8a, 
8b). A transverse discharge exciting type pulse laser 
oscillating device according to this invention has 
preliminary ionization parts such that the dominant 
parts of corona discharge are directed to the part 
between main electrodes (1, 2) and the developing 
lengths (1) of the corona discharge are long. The 
long developing lengths (1) increase the quantity of 
emitted ultraviolet rays and the electrodes (4a, 4b, 
8a, 8b) are so arranged that the air between the 
main electrodes (g, 2) is irradiated with ultraviolet 
rays emitted from near the initiating regions of the 
corona discharge the initiating regions emitting light 
whose intensity is greater than those of other regions 
in the corona discharges. Thereby a homogeneous 
main discharge is obtained and the efficiency of the 



laser oscillation is improved. 

Fl G.I 




EP 0 532 751 A1 



TECHNICAL FIELD 



The present invention relate*; tn =. ♦ 



BACKGROUND ART 



discharge Ld Jt on 'ul . ^ansverse 
shown for exlmol. n?.'' ^P^^^'^s 
Wherein ( ,iraT !>'" DOE/SF/90024-T2 (1977) 

inch outer ie :r,uT: "iT''' ^''^ ' 
part 0, the rnr : trode ■^T'^l ' 

electrode; (3) is a , ^ ^ ^ ^ ^^''""^ '"ain 

(5) is a dielecricTate i^^^^^ "'"^^'^^ 
pipe of approximaTelv 5 LT T'"'"' ^"^^ 
is disposed in a mrnnf T. ^'^'^h 

discharge starting points ^ ^ "^"'""^ 

upon^TplyTrvoL: °" -^'-t. 
trode m and ?^ , "'^ ^'^c- 

discha g s eV 3 JSr. 
-(Z^^atihltleSc^lX^^^^ 

i^^t^t^rer^^ird^r--'^^^^ 

U..ra-vio,^etXio^^^^^^^^^^^^^ 
discharges f6a) and *Rh; u 

'onized. Subsenufintiw . ^'^ (2) is pre- 

across th?;rrrodr(;^nT^^^^^^ ^^^"^^ 

gas starts to discharge and the^ 
Charge (3) tal<es Place Thriaslrl. " 
this main discharge (3) therebv ,hfJ' 
oscillate in a direction L,! I ^ ^'^^s ^ 

respect to the f " ''^^P^"*'^"'^^ with 

tional transJe^e Z ^'"'^ 

osciiiatorapZrrcSitSrharr "^^^ 

scribed above there harr ^ de- 

u'tra-violet raSalLn t^^^^^^^^^^ 
the corona discharop """^'"itV of 

IDaM (2) """" 'tectodss 

The present invention ha<! ^ 
sideration of the Droblpm 1^' in con- 

above. light-emTss^on im^ ! """" ^^^^"bed 
gni emission amount of the ultra-violet ra- 



diation can be made strong and. in addition to that 

i la^:^^^^^^^^ 

the space beleen tht """'"^ ""'^'^""^ '"to 
s the case kt a !, T" 

gas irt,urdrrre?ts^^^^t 

discharge can be realized hu a a'reTr 
- ci,,a.e^Sf,™-PP^^^^^^ 



DISCLOSURE OF INVENTION 



amount of the ■ . ''Qht-emission 
and the eLrtrodp! ? ^"''^"ced. 

30 

BRIEF DESCRIPTION OF DRAWINGS 
BEST MODE FOR CARRYING OUT THE INVEN- 



SO 



emboVrJ'enroMre'o'''''"'"'" °" 

dra.ingr;^°;ir rs:!slcS'" *° 
perpendicular with resTect Tth ' , ' 



V 



EP 0 532 751 A1 



same inner diameter as an outer diameter of the 
auxiliary electrodes (4a) and (4b), and in this case, 
they are made of alumina ceramics composed of 
alumina as its main composition. (8a) and (8b) are 
corona starting electrodes which are wire-shaped 
conductors disposed at parts near the main elec- 
trodes (1) and (2) among the outer peripheries of 
the dielectric material pipes (5a) and (5b) in a 
manner that they are kept at the same potential as 
that of the second main electrode (2). then (6a), 
(6b), (6c), and (6d) are corona discharges, (7a), 
(7b), (7c), and (7d) are corona discharge starting 
points at which the corona discharges (6a). (6b), 
(6c). and (6d) starts, (9) is a center point of the 
electrode surface of the first main electrode (1) 
which is facing to the second main electrode (2), 
(10) is a first direction determined by a straight line 
connecting between the corona starting point (7c) 
and the center point (9), (11) is a straight line 
obtained by an intersection of a plane which is 
perpendicular with respect to an extending direc- 
tion of the corona^discharge (6a) on the periphery 
of the corona starting electrode (8b) and a plane 
which Is perpendicular with respect to a laser os- 
cillation optical axis, and it indicates a second 
direction. 

Upon applying a voltage across the second 
main electrode (2) and the auxiliary electrodes (4a) 
and (4b). an electrical field concentration takes 
place in the vicinity of the corona starting elec- 
trodes (8a) and (8b) which are connected in a 
manner that they keep the same potential as that of 
the second main electrode (2), then corona dis- 
charge starts first at those parts of (7a), (7b). (7c). 
and (7d) at which the corona starting electrodes 
(Ba) and (8b) are close to the dielectric material 
pipes (5a) and (5b). The constitution of this drawing 
corresponds to a case of the surface-propagating 
corona discharge in the case of the presence of 
electrodes In the back surface, the corona dis- 
charges starting from the corona discharge starting 
points (7a), (7b). (7c), and (7d) develops along the 
surface of the dielectric material pipes (5a) and 
(5b) to form corona discharges (6a), (6b), (6c), and 
(6d). The extension length of the corona discharge 
(6a) is indicated by a notation 1. The extension 
length 1 of the corona discharge equals approxi- 
mately to a half of the outer circumferential length 
of the dielectric material pipe (5) in this case. 

In FIG.2, various shapes of the corona dis- 
charges as well as the corona discharge extension 
lengths thereof are shown. FIG.2(a) shows a case 
that two corona starting electrodes (8a) and (8b) 
are disposed on the surface of the dielectric ma- 
terial pipe (5) composed of cylindrical pipe, FIG.2- 
(b) shows a case that four corona starting elec- 
trodes (8a), (8b), (8c), and (8d) are disposed on the 
surface of the dielectric material pipe (5) composed 



of cylindrical pipe, FIG.2(c) shows a case that one 
corona starting electrode (8) Is disposed on the 
surface of the dielectric material pipe (5) composed 
of square-shaped pipe, and FIG.2(d) shows a case 
5 that a corona starting electrode (8) is wound spi- 
rally on the surface of the dielectric material pipe 

(5) composed of cylindrical pipe. In FIG.1 and 
FIG.2(a), (b). and (c), the corona starting electrodes 
are electrodes extending in the direction perpen- 

10 dicular with respect to the plane of sheet. As in the 
case of FIG.1 and FIG.2(c), in case that only one 
corona starting electrode (8) is present on the 
periphery of the dielectric material pipe (5), and in 
addition to that, it is extended in the direction of 

75 laser optical axis, the extension length 1 of the 
corona discharge equals approximately to a half of 
the circumferential length of the dielectnc material 
pipe (5) when it Is seen on a cross-section per- 
pendicular to the laser optical axis. On the other 

20 hand, as in FIG.2(a), (b), and (d) In case that 
corona starting electrodes (8) are disposed with a 
constant pitch on the periphery of the dielectric 
material pipe (5), the extension length 1 of the 
corona discharge equals approximately to a half of 

25 this pitch. As the result that the light-emission 
amount from the corona discharge was measured 
on various shaped electrodes. It has been found 
that, as far as the outer shape of the dielectric 
material pipe (5) was the same, configurations of 

30 FIG.1 and FIG.2(c) could give the greatest amount 
of light emission. For example, in the case of 
FIG.2(a) in which the corona discharge extension 
length becomes half comparing with FIG.1, the 
light-emission amount of ultra-violet radiation also 

35 becomes half. And, in the case of FIG.2(b) in which 
the corona discharge extension length becomes 1/4 
comparing with FIG.1, the light-emission amount of 
ultra-violet radiation diminishes to 1/4. That is, it 
was found that, in spite of covering almost all over 

40 the surface of the dielectric material pipe (5) with 
the corona discharge (6), an electrode configuration 
having a longer corona discharge extension length 
could give more emission amount of ultra-violet 
radiation, and in addition to that, the emission 

45 amount of ultra-violet radiation was proportional to 
the extension length 1 of the corona discharge. 
And, precise measurements of the emission 
amount of the ultra-violet radiation from the corona 
discharge (6) revealed that the the emission 

50 amount was great in the vicinity of corona dis- 
charge starting points (7) and it diminished as 
proceeding up to the tip of the corona discharge 

(6) . 

From the result described above, It was re- 
55 vealed that by making the extension length 1 of the 
corona discharge longer and disposing the corona 
discharge starting points (7) in a manner that they 
faced to the place at which the main discharge (3) 
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INDUSTRIAL APPLICABILITY 

As has been described above, according to the 
present Invention, owing to the lengthening of the 
extension length of the corona discharge and the 
pre-ionization by the lllunriination of ultra-violet radi- 
ation emitted fronn a strong part of the corona 
discharge on the laser gas between the nnain elec- 
trodes, a unifornn main discharge can be obtained 
and thereby the laser oscillation efficiency be- 
comes high. 

Claims \ 

1. In a transverse discharge excitation pulse laser 
oscillator apparatus which is provided with a 
first and a second main electrodes which are 
disposed in a manner that they are facing to 
each other over a specified length In the laser 
optical axis direction, dielectric material hollow 
cylindrical pipes (or pipe) disposed on both 
sides (or one side) of said second main elec- 
trode with keeping a distance, auxiliary elec- 
trodes (or electrode) disposed inside said di- 
electric material pipes (or pipe), corona starting 
electrodes which are provided in the vicinity of 
or with keeping contact with said dielectric 
material pipes (or pipe) and whose potential is 
kept at the same as that of said second main 
electrodes (or electrode), and in which corona 
discharges start from said corona starting elec- 
trodes and they are developed and extended 
over the surface of said dielectric material 
pipes (or pipe) by applying a voltage across 
said second main electrode and said corona 
starting electi^odes as well as said auxiliary 
electrodes (or electrode), thereby the laser gas 
existing between said first and second main 
electrodes is pre-ionized by the ultra-violet ra- 
diation generated from the said corona dis- 
charges, thus a uniform main discharge is pro- 
duced in a space between said first and sec- 
ond electrodes and the laser gas is excited 
thereby, in case that the corona starting elec- 
trodes are provided in the vicinity of the dielec- 
tric pipes (or pipe) with keeping a pitch, a 
length of a half of this pitch is denoted by a 
notation 1 , and in cases other than the above 
case, a length of a half of outer circumferential 
length of the dielectric material pipes (or pipe) 
on a cross-section perpendicular with the laser 
optical axis is denoted also by a notation 1, 
and in the cross-section perpendicular with re- 
spect to the laser optical axis, defining a first 
direction by a straight line connecting a center 
point on the side facing to the second main 
electrode among the surface of the first main 
electrode and the corona discharge starting 



point at which the corona starting electrode 
starts the corona discharge in the vicinity of 
the dielectric material pipe, and then defining a 
second direction by a straight line produced by 

5 making a plane perpendicular with respect to 

the direction the corona discharge develops 
due to the proximity of the corona starting 
electrode cross with a plane perpendicular with 
respect to the laser oscillation optical axis, 

10 then denoting an angle produced between said 
first and second directions by a notation B , 
and when 

6=0' 72.5 degrees. 

75 

defining the measure of the strength of the 
pre-ionization as I = 1 x cose , whereas when 

e = 72.5 degrees or more, 

20 

defining the measure of the strength of the 
pre-ionization as I = 1 x 0.3, a transverse 
discharge excitation pulse laser oscillator ap- 
paratus characterized in that, in the case that 
25 the dielectric material is disposed on both 

sides of the second main electrode, I = 3 mm 
or more, whereas in the case that the dielectric 
material is disposed on one side of the second 
main electrode, I = 6 mm or more. 

30 

2. A transverse discharge excitation pulse laser 
oscillator apparatus stated in claim 1 and char- 
acterized in that, in the case that the dielectric 
material is disposed on both sides of the sec- 

35 ond main electrode, the measure of the 

strength of the pre-ionization I is, I = 5 mm or 
more, whereas in the case that the dielectric 
material is disposed on both sides (sic) of the 
second main electrode, 1 = 10 mm or more. 

40 

3. A transverse discharge excitation pulse laser 
oscillator apparatus stated in claim 1 and claim 
2 and characterized in that, denoting the mini- 
mum gap length between the first main elec- 

45 trode and the second main electrode by a 
notation g, the minimum separation distance 
between the first main electrode and the di- 
electric material is taken to be 1.05 times or 
more and 1.5 times or less of said minimum 

50 gap length g. 

4. A transverse discharge excitation pulse laser 
oscillator apparatus stated from claim 1 to 
claim 3 and characterized in that said dielectric 

55 material pipes are disposed in such a manner 
as they are buried in the second main elec- 
trode and at the same time the dielectric pipes 
are disposed in a manner that they keep a 
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certain distance d from the second main elec- 
trode with the exception of proximity or contact 
with the second main electrode or with the 
corona starting electrodes at some parts, and 
In addition to that, the distance d is more than s 
the thickness of the dielectric material pipe. 

A transverse discharge excitation pulse laser 
oscillator apparatus stated from claim 1 to 
claim 4 and characterized in that said dielectric io 
material pipes are made of alumina ceramics 
composed of alumina as Its main composition, 
and said laser Is an excimer laser. 

75 
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FIG.2 
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FIG, 4 
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